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_A COMPARISO OF DESIGN METHODS 


REPORT OF THI THE COMMITTEE ON. ‘CORRE- 
_ LATION OF RUNWAY DESIGN “PROCEDURES | 
OF DIVISION 


~The necessity for providing soundly designed and ec conomical 
airfields during World W ar II stimulated wide interest among engineers 
acquainted with this field. Since the w war, subject t of airport ement 
design continued to receive muc 
weight of aircraft and the rapid expansion of 
. A ‘completely rational method for the design of airport pavements has not 
been developed. The methods in use (1952) are either entirely empirical or 
at best only partly rational. Therefore, the reliability of any method is 
‘pendent upon experience or upon experimental verification. _ Any one of the 
methods 7" considerable judgment on t the part of the engineer who ho 
. The committee has tried to describe briefly and to compare the methods 
used i in n the U nited States and Canada. The objective was not to ‘pass judg-— 
‘ment on the individual methods but to give the practicing en engineer the back- 
ground needed by h him in making his own choice. These methods, as desig- 
nated herein, are as follows: (1) The Civil Aeronautics Administration (CA A) o 
method, (2) The Corps of Engineers (United States Department of the Army) 
. = California Bearing Ratio (CBR) method, (3) The Department of f Transport | 
of Canada) method, (4) The United States Department o of the 


(Bureau Y ards and: 6) The W Vestergaard | method 


of flexible 
(Portland cement ‘eonerete); the CAA methoc 
‘rigid pavements. 
tests; the CBR method and the Canadian method ¢ are also empirical, vend uti- 
lize the CBR test and a . plate loading test, respectively, to evaluate the su sup- 
y porting ‘eapacity of the subgrade. The Navy method and the W estergaard 


__ Note.—Written comments are invited for publication; al last discussion should be submitted by 
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not to be construed as being committee. 
However, they have been adopted by some agencies. 
the purpose of this report, the ‘committee defined the various 
ele ements of the pavement structure as follows (see Fig. 1): ©. . 
 Pavement.—A structure e consisting o of one or more | layers of processed ma- 
terials. ' The layers are referred to as the wearing surface, the base | 
and the subbase course 
W earing g Surface. .—The up upper, or surface, layer of a pavement is the w — 7 
surface. The principal f functions of the wearing | surface are as follows: (1) I 
waterproofs the base against the penetration of 
surface water; (2) it protects the base against . 
the disintegrating effects of traffic; (3) it pro- 
vides a smooth riding surface; ‘and (4) it distrib- 
utes load to the underlying layer of the ‘Pav re 
Base Course-—A layer of processed material 
directly underneath the wearing surface is called 
the base course. Its. function is to distribute 
the load to underlying layers of the pavement 
structure, or to the subgrade when a subbase 
courses 1 my consist of un- 


rem 


_ Subbase Course. —A layer of material placed beneath the base course is the 


_ subbase course. The function of the subbase course is ‘similar to to that of the 
base course. ES It is usually ‘composed of locally available, unprocessed granular 
material having a higher “supporting value than that of the subgrade upon — 


_ which is placed, but lower than that of the base course. Subbases are used i in 

localities where thick pavements are required. 


- Subgrade. —The natural soil on which the pavement rests—whether em- 

bankment or excavation—is termed the subgrade. 


‘pavement is to as being when the Wearing 
ement 


7 be made up of a wearing surface composed of a . bituminous aggregate 1 mixture © - 


and a a base course (either with or without a -subbase) ‘composed of crushed 
stone, slag, or gravel aggregates | havi ing the gradation and characteristics neces-_ 


to produce satisfactory mechanical stability, 
a _ A Portland cement concrete p pavement is usually made up up of a concrete > slab — 
resting | on a layer of locally available granular material. — Many agencies c call 
this layer a subbase course, but, according | to the definitions stated herein, it 


would be termed a base course. 


_ | an -method are based partly on theory and partly on experience, and utilize plate | 1 
ee ae There are widespread differences in opinion as to the proper definitions of _ 
— 
— 
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AIRFIELD PAVEMENTS 


‘Tur CAA Mernop 


The CAA has developed a method of pavement that i is substantially 7 


frost, and loading conditions for many ‘actual behavior patterns of airports in 
“service. The method is based on a special soils classification, developed 
the CAA, according to the characteristics listed subsequently under the heading, 2 


~ Design loads are selected according to the type of air carrier service nv 
dered. _ The pavement loading data given in Table 1 therefore represent the 


TABLE 1.—Dezsien W HEEL Loaps 


> cass Air carrier service 
— 


Trunk line © 
Ex 
oxpress 
Continental 
express 


load for each airport class except class 1 and class. 2—the personal and 


secondary type airports. _ By design convention, , the static gross plane load = 
is equally divided between the two main wheel assemblies. Thus » the design 
ed 


—_ aircraft for a class 6 airport i is 120 kips gross p plane load for. ram alenlene equipped 
-wheel gear, or 160 load ge an 


The soils classification system used i in the CAA A pavement design method i is 


in Table 2. principal ‘division is made a at the class having 


and identified as soils groups E-1 through E-5. 


‘The deta detailed descriptions of the e soil groups | are given in es 
paragraphs. ‘These descriptions are quoted from ‘ ‘Airport Paving,” p pub- 


Group Descriptions —Group E- 1 includes we well- 
soils that are stable even under poor drainage conditions and are not 


to | detrimental — caused by fi frost. Soils of this ‘group may nee as to 


a" Washington, D. C., Ma 


| 
~ 
ge 
| 
the determination of the Atterberg liquid and plastic limits. However, the 
CAA indicates the desirability of performing additional classification tests in >» Cee 
| 
| 45 60 
| 
i 
| 
= 
Paving,” Civ. Aeronautics Administration, Dept. of Comme vy, 
i 


have less coarse sand and may contain greater percentages « of silt ont clay. — 
. Consequently, they may become unstable when poorly drained, and they are 
subject to a limited amount of heaving - caused by frost. . 


Groups E- 3 and E-4 include the fine, sandy soils of f inferior grading. | They” 
may consist of fine cohesionless sand or sand- clay types having a fair to good 


quality of binder. _ They are less stable than group E- E-2 soils when submitted 


to adverse conditions of drainage and frost action. : 
Group E-5 comprises all. poorly-graded granular soils having more than 
35% and less than 45% of silt and clay combined. Also, this group a 


as soils containing less than 45% § silt and clay having plasticity indices greater 


ae a 


TABLE 2.—Sors SysTEM IN THE 
CAA PAVEMENT DEsIGN 


FLEXIBLE Pav EMENT Pav EMENT 


Combined silt and cla 
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i passing No. 
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No. 270 
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Find sand passing No. 60 _ 


arse sanc 
retained on No. 60 
tained on No. 270 
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Severe | 
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Severe 
frost 
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7 a Group | E-13 i is - composed of muck and peat, ‘identified by field ‘examination ‘and not su suitable for sub- 
grade. . © For explanation of symbols, see text and subsequent illustrations. ew 


10. A plasticity index greater than 15 would cause a soil to be classified 
with the fine-grained soils, « even 1 though it contained more than. 55% sand. — 

_ The E-6 group consists of the silts and silty loam soils having plasticity 


indices that ar are > low o or zero. ro. These soils a are re friable and quite stable | w when dry 


_ when wet , and for this reason n they are difficult to compact unless the moisture 
a content is controlled carefully. Capillary 1 rise in the soils of this g group is very 
rapid, and they are subject to detrimental heaving caused by frost more than 
soils of any of the other groups. be 
Group E- the clay silty -elays, and some e sandy 
When hen these 
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AIRFIELD PAVEMENTS 


they are are plastic whan we en wet. These soils are stiff and dense when compacted — 
at the proper moisture content. Variations in moisture are apt to ‘produce 
detrimental volume changes. ‘Capillary: forces acting in the soil are strong, 
but the rate of capillary rise is relatively slow, and frost heave—while detri- 
mental—is not as severe as s it is in 1 the soils of group E- 6. eh et i 
- The ‘soils of group E-8 are similar to those of group E-7 , but the higher 7 
liquid” limits indicate greater compressibility, expansion, and shrinkage, and 
also lower stability ur under adverse moisture conditions. = 


tomaceous These are highly elastic and 
to compact. _ They an low : stability i in both the wet and dry states, and they — 


- frost heave. Soils of this group are more , difficult to compact than are those of _ 
_ groups E-7 and E-8, and they require careful control of moisture in order to pro- 
duce a dense, stable 
~ Group E-11 soils are similar to those of gr group E-10, but they have higher 
liquid limits. 7 This group includes all soils with liquid limits between 70 0 and 
80 and with plasticity indices over 30. 
Group E-12 comprises all soils having liquid limits over 80, regardless of | 
their plasticity indices. © These soils may be highly plastic ¢ clays that are ex 
tremely 1 unstable in he e presence < of moisture, or they may be highly ‘elastic 
soils containing m mica, diatoms, or organic matter in excessive percentages. _ 
‘Whatever the cause of their instability may be they will require the maximum 


corrective measures; 
Group E-13 includes organic ‘swamp soils—such as muck and peat—that — 


are recognized by « examination in the field. _ They ey are characterized by their 


e 
a the pole or shrink are highly elastic, and | are ‘subject 


- lack of stability and unusually low density in their natural state, and by high 
a Certain fine-grained soils might be classed in more than one e group if the _ 
criteria: given in Table 2 were the only ones availagle for classification. Soils 
7 containing ‘mica, diatoms, ‘or considerable colloidal material, and those ex- 


a is ‘greater than the ‘maximun n plasticity 


the of the ‘designer, of the ‘soil rating one or two 


classes may be permitted when the fraction of the total sample retained on the 
No. 10 sieve exceeds 45% for groups E-1 through E-5. _ Similar upgrading of 7. 


_ be permitted for r other groups if at least 55% of the total sample i is retained - 


on the No. 10 sieve. y In permitting such ‘upgrading, the decision of the en engineer 
should be influenced by the quality and grading of the coarse material. (For 
each soil ; group, Table 2 indicates the subgrade classes that represent the per- 
formance of the group | as subgrade for flexible or rigid pavement. ) ie Sina _ 


* a. Pavement 1 Design. ig. 3 isa design ch chart for rigid pavements." 1 It is to to be 
¥ entered with the single- wheel load and subgrade class as arguments. ‘The 
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AIRFIELD PAVEMENTS 


zone above the zero line gives the necessary thickness of Portland cement F 

concrete slab. _ ‘The required thickness of slab is the difference in o 

between the zero line and the line Ri or ‘R,, depending on the subgrade. The 
da shed curves give values applying to taxiways, : aprons, ‘and runw ay ends, 
the solid curves give values for runways. 

The lower zone of the chart gives the thickness of base. necessary r for placing _ 

- between the subgrade and the concrete slab. Again, the chart i is entered with 

the single- wheel load. The difference in ordinate betw een the zero line : and 

line a a, b, or depending on subgrade class, w ill indicate the base re require- 


ment. > These values apply to base beneath runways and beneath taxi- 


he 1950, CAA? a pavement condition survey with 


‘ie broad objective of studying the performance of airport pavements in order - 
_ to check the soundness of the design standards that had been established in the _ 
publication “Airport Paving.’ 1 As a result of this survey, certain minor a 
changes can be ames in the design charts for rigid pavements. _ These e changes _ 


The curves R2 ys) The ‘(taxiways) can be 
(2) The taxiway requirement for a wheel loading of 15 kips may be rec ‘atid. 


to 6 in., and for the 100-kip loading it may be e lowered t to (15 in. 


As: an example of the design procedure for Portland ‘cement cor 
hen. consider a , taxiway designed to support a gross plane load of 150 Kips. 


The soil investigation results place the subgrade i in group E-7. The site is so 
located that frost penetration is not a design. ond drainage - is 

good Table 2 indicates that the subgrade classification for a rigid- -type 

wearing surface is b. Fig. 3 is entered with a wheel load of 75 kips. The 
necessary slab thickness is seen to be 13 in., and the required depth of the 


granular base is 9 in. 


On the basis of experience with local conditions, certain may 
be made in the subbase thickness obtained from the design charts. For ; al 
stance, nce, reductions in thickness of 1 up to 35% “may be made for pavements in. 
arid regions where the local behavior patterns of soils and pavements warrant _ 
such reduction. Regardless « of load or i the minimum thickness of 6 a 
in. of Portland cement concrete must be used. 
In some localities, conditions “accompanying heave may require in- 
creasing the base thickness obtained from the design charts. _ However, since 
concrete | pav vements may possess an insulating property | that acts to. prevent 
frost penetration, the frost t penetration for certain localities ma may be reduced - 
by as much as one half the thickness of the concrete slab. 
‘Figs. 4, 5, 6, and 7 are the charts for the design of flexible pavements. As 
a with the Portland cement concrete pavements, differentiation i is made between | 


‘Pavements for runways” taxiway , aprons, ‘runway 
ends. 


= 2“Airport Pavement Performance,” Airport Engineering B Bulletin No. Civ. Aeronautics Administra- 
tion, Dept. of Commerce, Washington, D. C., April, 1952. 
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_ There is a further distinction made for flexible pavements in “that « charts — 
have been prepared for wearing surfaces on bases of untreated mineral aggre- 


“gate (Figs. 4 and 5)? and for w earing surfaces to be placed on plant-mix bitu- 
minous-treated base courses (Figs. 6 and 7). rig 
| ‘The: information Tequired i in the application of the design ch charts for flexible 
"pavements consists of the single- -wheel load and the subgrade class. . The 
subgrade class is obtained Table 2. The single- -wheel load should 
respond to the class of air service for w which the facility i is designed . These 7 


~ _ The thickness 0 of wearing surface i is the difference i in ordinate between the 
two ‘uppermost curves on the design chart. ‘The required base thickness is 
the difference in ordinate between the zero line and the curve denoting the 
interface between the ‘surface and the base. ._ The necessary depth of subbase 
is given by the length of the ordinate from the zero curve down to one of the 
curves marked F 1, Fo, Fz. . . Fio—the subgrade obtained from Table 2. 
As pags of the the design « ofa flexible pavement 
‘runway to carry a ‘single- wheel load of 60 kips. — Analysis of the e subgrade soil 
group results in its being classified E- -4. The airport site is in a region i 
frost need not be considered in the design but where drainage is poor. _— 
‘Table 2, the subgrade classification is F;. The base course is to be constructed 


the ne new w Paving Manual scheduled publication i in 1953. 


an mineral aggregate. Therefore, the ‘proper | design | chart is Fig. 


4 (dotted lines). The wearing- -eurface requirement is 2 in. of a high-grade type 
of bituminous mixture; the necessary thickness of base course is 8 in. (to the | 
‘nearest inch); ; and the depth of selected subbase material is 4 in. (to the nearest _ 
With light , wheel loads, the total thickness of wearing surface, base, a 
subbase will sometimes be found insufficient to satisfy the e requirements for 
- resisting frost action. In these cases, the necessary increase in thickness over 
the : structural requirement may be deter ermined by i heemaiing the depth | of the 


THE Corps oF METHOD 


CBR test and method of design for highways: were developed by the 


0. ‘J. ‘Porter, M. ASCE, _ who was senior physical testing | engineer. At the 


beginning of W orld W ar Il, the Corps of Engineers, after a ourvey of the 
- flexible pavement design methods available, adopted the empirical method 
then in use . by the California Division of Highways known as the CBR method.* 
Application | of the CBR method enables the designer to determine the 

: required thicknesses of subbase, base, and wearing surface by entering a set of 


"design curves with the results of oy tests. The California Division of High- 
ways developed design curves for 7-kip and 13- kip wheel loads but the large 


“Development of CBR Flexible Pavement Design Method for Airfields: a Symposium,” Transactions, 


4 
ih 
; 
— 
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wheel loading | of aircraft ‘made it necessary to conduct studies in order to 


extend the design curves” for airfield” design. ‘These studies resulted in the 
airfield design curves included in subsequent pages of this report. Also andl 


sented are data for the determination of the thicknesses of material necessary — 
imenta 


Tests and ud Subgrade Characteristics. design procedure f for applica- 
‘tion of the CBR r method consists of the determination of a » modulus of shearing _ : 
resistance of the subgrade soil or base course material and the application ~ a 7 


these data to empirical design curves from which are read the required thick- 
nesses of the various courses. The soil penetration test is considered valid” 
_ only when a large part of the deformation caused t by load i is shear deformation. 7 


The “California Bearing Ratio” ' is s expressed as as a percentage of the standard 
stability value for crushed stone. In areas where soils are adversely affected - 
by frost : action, considerations other than shear strength may control the design — 


ofthe pavement. 


For + purposes, the penetration test may be performed | on samples 
‘TABLE ‘OF _Brruminovus WEARING G SURFACE 


pressure, Load assembly 
Wheel (ib per sq im.) (kips) 


over 30 3 
up to 30 


| 

Twin tandem> et up to 125 

J 
67 


or excavations, or on the soil in place. here compaction in in the field 
is practicable, the subgrade soil should be tested in the compacted s state, but 


_ where field compaction is impracticable it may be tested in the undisturbed 
condition. Because s saturation under load is the wo worst possible condition for 


‘The design curves shown | subsequently : as Figs. Sand 9 are based on CBR. 
values at 0.1-in. penetration. . These curves are consistent with data obtained — 
i. from accelerated traffic tests and airfield pavement service records. — The curve 
for r each wheel load shows the total thickness of pavement (subbase, base, and 
wearing surface) required above a a layer of material having a given CBR. 
The base course immediately under the wearing surface should be suffi- 
ciently stable to withstand the high stresses produced | in the zone directly 


“under the wheel « of an aircraft or highway vehicle. The required | 


Spa | 31 in. 60 in., based on contact area ‘of 2 ‘per tige. 


4 depends upon the | type and thickness of the wearing surface, the magnitude of 
a the loading, and the effect of a rolling or skidding wheel. — ¥ It is desirable that | 2 


the base course material underlying ¢ a bituminous wearing ‘surface—especially — 
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for the heavier w sae lende-—hove a CBR of at lenat 80 and be at least 6 in. 

‘Bituminous wearing surfaces for airfields should be thick enough to prevent 
shearing displacement when subjected to the design w wheel load. pent 
to the recommendations of the Corps of Engineers, the thicknesses should be 


_ Pavement Design. —Several design curves are een n. In these charts, the 
pavement thickness should be reduced by 10% for the central portions of 
runways (the area between two end sections of 1 ,000 ft each). a The end sections 
and taxiways are ‘designed by using the full ‘Cee. Fe. 8(a) and 8(b) 
yield the required runway one teeny pavement thickness for single-wheel 
loads of from 10 kips to 70 kips.4 Fig. 8(c) indicates the pavement thickness 
required for a dual- wheel pa similar to that of the B-50 bomber, i in which 
the wheels are 37.5 in. center to center. oi Fig. 9(a) indicates the pavement a 

thickness required for the same type ve of wheel assembly, ¢ except that the con- 


gn Thickness 


Design T 


= 


40 


tact area is kept constant of the tire thick- 
ness required for twin- ‘tandem assemblies similar to those on the B- 36 bomber 


isgivenin Fig. 90) 


The design aan are. based on capacity: operation defined by the Corps” 
of | as 000 coverages, a coverage being on of 


joe to less than 5, 000 coverages during its economic life, a reduction. i» 
thickness i is per rmitted. ‘This reduction is indicated in Fig. 10.4 4 ‘The reduc- 
tions are expressed as. percentages of that maximum design thickness that 
applies to full operational | and special airdromes. “eycle of operation” is” 
defined 2 as one landing ¢ and one take-off. _ obtain a coverage . value, ‘the num- 
pt of cycles of operation should be divided by the appropriate factor for the 


type airplane t to be used, selecting this factor as follows: EY. yay 7 


my 4 “Airfield Pavement Design, Flexible Pavements,” Engineering Manual for Military Construction, 
Corps of Engrs., Dept. of the Army, Washington, D. C., July, 1951, Part 7. Chapter 2,00 
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sngle-whee landing g geal 


course are not affected by frost, or in w hich 


special treatment are not the principal an example is given. 
7 Assume that a a taxiway is to be designed for a wheel load of 50 | kips : at . 
7 tire pressure of 100 lb per ‘sq in. The design CBR values of the compacted 
subgrade soil and of the materials available for base course construction. are 
Select material, subbase............. 
‘The total thickness of the pavement is ‘governed by the. CBR of the com- 
-pacted subgrade soil. From Fig. -8(a) the required thickness is is 25 in. The 
total thickness of 25 in. may be composed of the subbase, base, and wearing : 
‘surface. Assume the | desired wearing surface to be 4 in. thick. © A pavement 
thickness o of 13 in. is required over the layer of subbase material having a a CBR 
of 20. The subbase will then be 12 in. thick and overlain with 9 in. . of fool 
run base. Since the minimum requirement of 6 in. of base course has been 
satisfied by ‘th design, no further adjustment is necessary. if the 
Portion of a runw ay were to be designed for the same w heel | load d and tire pres- 
sure, the required pavement thickness would be 22.5 in., a decrease —— 
: Frost Action.— —In the preceding example, the action of frost has not been 
- discussed. The strength of some soils is greatly reduced as a result of frost 
action, the reduction in strength, and the amount of frost heave depending on 
‘the type of f soil, the temperature ¢ conditions s during the fre freezing and _ thawing 
periods, the permeability of the ‘soil, the level of the ground water, and te 
drainage conditions. | Investigations have indicated that any soil that — 
38% or more, e, by weight, of grains smaller than | 0.02 mm in diameter will be 
eptible to objectionable frost: action® 


A reliable in indication ¢ of the effects of ‘climate i is the ‘ ‘freezing index,” ” wi hich 


a measure of the combined duration below fre eezing air 
temperatures occurring during any given winter. 

is computed on the basis of air temperatures over a period of time 4 
Fig. 11(a) indicates the method of determining the freezing index. ie A degree day 
is the algebraic « difference between 32° F and the daily mean temperature. _ The- 


degree day is positive when the daily mean temperature is below 32° F. 


Rae 5 “Frost Conditions,’’ Part XII of ‘‘Airfield Pavement Design,’’ Office of the Chf. of Engrs., Corps o all ; 
Dept. of the ‘Army, Washington, D. C., April, 1951, Chapter 4. 
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depth of pavement required to inoulade the subgrade soil to prevent it from 7 
freezing is shown in Fig. 11(0). . Heaving of the ‘pavement will occur if the 7 
pavement the that i is provided i is thin ees to permit one of the e subgrade so soil. : 


will be if soil and water are nonuniform m. 
conditions that are conducive to irregular heaving, freezing of the subgrade 
soil aan & be prevented an and ‘Fig. 11(6) should be used for the design. If: If the 


3 


a Specific ~ 
Winter 


(b) THICKNESS REQUIRED TO 


(a) 
THE SUBGRADE 


OF FREEZING INDEX | 


Pavement Thickness, in Inches 


oa & 


Dec. Jan. Feb. Mar. 


11.—Desien or PAVEMENTS SUBJECT TO DIFFERENTIAL Facer HEAVE, CBR Meruop 


‘aepeneninson are not subject to differential heaving, | less thickness of pave- 
‘ment than that required to prevent freezing i is permissible. — In such a ~~ 


the design is based on a reduction in the strength of the subgrade soil caused by | 

“frost action. © Fig. 12° which reflects the reduction i in strength of soil during» 

thawing, should be ‘used to determine the pavement thickness if limited frost 


action is permitted. - ‘The soils classification numbers by w which these curves 


are designated are as follows: 


F1.—Gravelly soils containing betwe een 3% and 20% iw w weight) materia 


than 0.02 mm fall into this class. 


‘F2.—Sands containing between 3% and 15% (by weight) ‘material finer 
than 0.02 mm comprise this class. 


7 F3.—This class i is composed of (a) gravelly soils s containing more than 20% 


(by weight) ‘material finer than 0.02 mm and sands, , except fine. silty sands, 
more than (15% material finer than 0.0 02 mm and (6) ys with 
plasticity indices of less than 12, except varved clays. reas: Sas 
a, F4.—This class is composed of (a) all silts, including sandy silts; (db) fine, 

; silty s sands containing more than 15% (by w w weight) material finer than 0.02 mm; 


(c) lean’ n clays with y plasticity indices of less than. 12; and (d) -varved — 


_ When frost i is permitted to penetrate group » F4 soils, the same ne design curve 


ero 


should be used as for group F3 soils. Frost. should be permitted to penetrate — 
F4 soils only under fle xible paved areas of lesser importance where appreciable 


> nonuniform pavement heave may be e tolerated. Frost she should not be permitted 
to ) penetrate group F4 soils beneath rigid pavements. 
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lines) fo w hen tire pressures are between 100 lb per sq in. and 200 lb per sq i in., 
and the abscissas are the loads on a single \ . wheel. _ The curves for the ¢ dual-w heel 
landing gear and for the twin-tandem assembly in n Fig. 12 are based on a con- 
tact area of 267 sq ‘in. per wheel, and each abscissa is the total load for o ne 


= 


10 
5 7 8 910 40 50 60 70 80 150 2 

Fig. 12.—Desten Curves For PAVEMENTS SUBJECTED TO Frost 


assembly. Ww hen using Fig. 12, the thickness should be reduced by 10% for 
the poner portion of runways betw een the 1,000-ft end ‘sections. . The curves” 
should be e used without reduction i in » the design of runway ends, aprons, and 
 taxiways. The value of pavement thickness obtained by the preceding meth- — 


od should be compared with the thickness determined by the > regular pro- 


cedure, and the greater value should be used. 


= 


In 1 order to develop: al method for flexible: pavement design 1 that would 
‘conform with Canadian e exper ience, the engineers of the Department « of Trans- 
port, Dominion of Canada, Ottawa, Ontario, initiated an extensive investi- 

gation of major airfields in Canada in the early s spring of 1945. — These oc 
and the subsequent development of the design method were wotenal under 

t he direction of Norman W. McLeod, engineering ¢ consultant to _ ihe Depart- re 


thirteen airports tested. These extend | across Canada, At one of these, 
; ‘subgrade ‘consisted of about 80 ft of clean. sand, and at another, from 3 ft to 


(5 ft of sand over clay. 7 ‘At the remainder, the 1e subgrade was clay or clay loam. 
ae, _§ “Economical Flexible Pavement Design Developed from Canadian Runway Study,” by Norman W. ; 
McLeod, News-Record, 142, April 28, May 12, May 26, and 1949. 
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surface at test locations on ere runways, repetitive load cai were made 


using s g steel bearing plates 13 i in., 18 in., 24 in., 30 in., 36 in., and 42 in. in diam- 


Loads were applied i in the plate bearing tests to give deflections of approxi- 


‘mately 0.05 in., , 0.2 in., , and 0.5 in., so that the load test data could be used for the . : ; : i = 
design of either rigid or flexible pavements. For flexible pavements, the criti- 
eal deflection was considered to be 0. 5 in. and for rigid pavements 0.05 in. . 4 
_ The intermediate deflection of 0.2 in. was selected to provide a complete load 7 

a Results of Load Prin —The first step in utilizing the « data w as to plot 

‘deflections against the number of repetitions of loading. 7 Fig. 13 indicates the 
effect of load repetition on deflection (using a ened plate having a 30- in. 


0.7 


* 
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0.1 a 
10 ©6100 (100000 4 
Number of of Repetitions 


13.—PAvVEMENT DEFLECTIONS, Suowme THE INFLU ENCE OF REPETITION OF LoapiIna” 


diameter) for loads of three different magnitudes.*® “As a result of iets studies, 
the Canadian Department of Transport adopted a 0.5-in. ‘deflection for 10 


repetitions: of the applied load as the criterion for the | design of flexible p pave- 


ments for runways under conditions of capacity operations. 


ww 


Fr From graphs like ce Fig. 13, it was possible to draw the load- ‘deflection curves” 
for” any ‘number of repetitions of load. Study of the: subgrade and surface 
-load- deflection curves indicated that, for any given | deflection, the load carried — 
ona bearing | plate of specified ; size at 1 repetition. was about 115% of the | load 
- carried at 10 repetitions. The load carried at 100 repetitions was 89% of that. 


_ supported at 10 ) repetitions and the load carried at 1 ,000 00 repetitions was 807% 


“ofthat at 10 repetitions. 
There was a relationship between the subgrade support of a bearing plate 


of any size at a specified deflection (0.05 in. to 0.7 in.) and the subgrade support 


dete wee ways that had been in service for several years. 
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7 0. Qi in. was selected because it can be conveniently ob obtained with a beari ing a 
— 30 in. in diameter. © Using Fig. 14,° if the load causing a bearing | plate 30 in. 
in diameter to deflect 0.2 in. is known, the loads that can be “supported by — 7 
bearing: plates from 12 in. in 1 diameter t to 42 in. in diameter, producing deflec- . 
tions of from 0.05 in. to 0.7 in. may be computed. _ The ordinates in Fig. 14 
7 represent, the ‘ ‘subgrade support ratio,’ a ratio between the subgrade support 

fora ‘specified bearing plate (w hose deflection indicates the curve to be used) 
to the subgrade support beneath a bearing plate of 30-in. diameter when 
deflected 0.2 in. ‘The lower scale gives the. the ratio of the perimeter to the bearing = 
area of each plate. For ex example, assume that a pressure of - Ib per sq in. 


= is needed to deflect a plate 30 in. in diameter 0.2 in. MW 

Plate D Diameter, in In Inches 


0.3 5 
02 
a 
10 
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4 Fra. 14. —Cu RVES OF PPORT FOR Conesive SUBGRADE = AT TITIONS of LOADING 


required to deflect a plate 36 in. in in diameter 0.5 in.? ‘Fig. 14 is entered with 


& latter values, a and indicates a subgrade support ratio of 1.45. _ By multiply- 
ing 10 |b per sq in. by this factor, the pressure for a plate 36 i in. in \ diameter 
is found to be 14. 5 lb per sqin, 

Because it is ‘costly and cambereome: to conduct load tests, North Dakota 
cone bearing tests, Housel penetrometer tests, CBR tests, and triaxial compres- 

sion tests were made on the subgrade at each load test location. — Reasonably - 
good correlations were established between the results of each of these four 
tests and the plate bearing tests. These appear subsequently in 

aa ~ A graph was drawn of load d tests made ¢ at the oe of a given thickness of 
granular base and wearing surface versus the load supporting value of the © 


subgrade for the s same deflection plate size. It was found that 
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AIRFIELD PAVEMENTS 
the increase in the load carrying | capacity provided by any given well- oil 
structed ‘pavement: varies directly as the ‘supporting value of its subgrade. 
From this important observation, Mr. McLeod has developed the following 


equation for determining the required thickness of flexible pavements: . 


i, 
in: which T represents the required thickness of granular material, in inches; 
Pi is the gross wheel load, in pounds, to be carried by the pavement; Si is the 
"gross subgrade support, in pounds, for the same contact area as the wheel load 
and at the design criterion values for deflection and loading repetitions; and — 


K designates the base course constant. _ Its value depends on 1 the composition, 


moisture content, and density of the base course material. . For very large _ 
thicknesses, its value seechened depend on the depth of the base — 


— 


onstant, K 


Oo 
+4 

oO 

a 


Subgrade Support, in Kips “Ratio of Perimeter to Area 
¥ Fria. 15. —VaRIaTION or DEFLECTION 
WITH Suparape Support 


The base course constant, K, represents an inverse n measure pat the support- 
‘ing power of the base course, per unit thickness. To evaluate K, graphs of 
the relationship between applied load and subgrade > support. were prepared for 
thicknesses of 7 i in., 14 in., and 21 in. of granular base course. — Fig. 15 shows a 
typical curve for 21 in. of base course loaded by a bearing plate 30 in. in peel 
-eter—through 10 repetitions of loading—to produce a deflection of 0.5 in.6 
_ The slope of the straight line through the data for these three thicknesses “4 
granular base gives a K-value of 65 for this plate. ‘Similar data give a K- 
value of 35 for the 12-in.-diameter bearing | plate. >. From a study o of the avail- ; 
‘able data, a relationship was established between the value of K and the size 
of the bearing plate,® which is shown in in Fig. 16. 
4 Design Procedure.—A set of design curves that | give the required thicknesses 
of granular base for capacity operation of of runways for a a wide range of aircraft- 
_ wheel loadings i is is given in Fig. 17.6 The curves are based on Eq. 1 using the 
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‘applied load, P, that produces a, of 0. 5 10 of loading 
for runways and 0.35 in. 10 repetitions for taxiways, and using the corre-— 
"sponding value of S. The value | of the base course constant K varies with the 
‘size of the contact a area, these areas being c of. ‘approximately the size that might we 
be expected for the wheel loads indicated. The curves: of ‘Fig. 17 apply » to 
cohesive ‘subgrade soils of fine texture. . The values c of cone bearing pressure, 
Housel penetrometer tests, | , field CBR, and the angle of internal friction, in- 
_ dicated in Fig. 17, represent the average rating for the top 2 ft of the subgrade. 
The Housel penetrometer test values are the number of blows for 6 in. 1. of | 
| The values to be used i in Fig. 7 are 


is enna for taxiways, aprons, and the turnaround areas at runway ends 
than for the runways. _ From the data available, the Canadian Department 
established a 0. in. deflection as the basic criterion for the 


has that a greater thickness of flexible 


For the poring of runw ays, aprons, and 
the > following criteria h to the oll 


is the load required to a 0.5-in. 10 repetitions; 4 
(2) in designing a runway { for limited | operation, " ‘the criterion is that load 
producing a 0.5-in. deflection after 1 repetition; (3) in designing. taxiways, 
aprons, and turna s for capacity operations, the criterion is the load that = 
produces a 1 deflection o of 0. 35 in. after | 10 repetitions; and (4) the design of taxi- 7 
ways, “aprons, a and turnarounds: for” limited operations is based on the load | 
producing a a 0.35-in. deflection after, 1 repetition of loading. 
use of the design charts can be illustrated by. assuming that a capacity- 
operation runway is to be designed for a single-wheel load | of 60 kips and a 
; contact pressure of 75 lb per sq in. ‘The subgrade support, | measured at 0.2 
in. of deflection with a bearing plate 30 i in. in diameter is 10 kips. _ From 
*Fig.. 17 the required pavement thickness i is 50 in. The same answer could 
have been arrived at by the use of Eq. 1. 
Dual- wheel loadings are discussed Mr. McLeod on the basis of his” 


udies. From the limited data available, there is an indication that, 


\vements from 6 in. thick to 10 in. thick, the dual-wheel assembly ‘may carry 
to 133% of the load on a single wheel without increasing the stress in the 


ubgrade. Thus, a load of 60 kips on a dual-wheel assembly is equivalent to 


= single-wheel load of 45 kips. ‘ For pavements from 15 in. thick to 20 in. 
thick, ‘the dual- heel eel assembly may carry up to 125% of the ‘single- Ww heel Toad. 


ining the required. _thickne ess of flexible pavements, the Navy 


‘Degeitah: utilizes the theoretical approach developed by Donald M. Bur- 
‘mister, A. M. ASCE. Mr. Burmister applies the theory of elasticity to the 


determination of pavement thickness) 


“Airfield Pavement, ‘TP-Pw- “4, Bureau of ‘Yards and Docks, U. 8. Navy, August, 1952. 
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ave ment, and of the subgrade, | This is ;done by means oat plate 
tests on special test sections, using ¢ a steel plate 30 in. in diameter. . The load 
capacity | of the » pavement i is based on the criterion that the deflection ‘joruni 
ment) under the wheel load must not exceed 0.2 in. soli BS 


Basic Theory. — According to the of elasticity, the s settlement under 


which A. represents the of the in inches; w is the 
pressure, in pounds per square inch; r is the radius of the plate, in inches; _ 


p stands for Poisson’s ratio; and is the modulus of elasticity of the subgrade, 


If we assume t that Poisson’s ratio for most t compacted ‘soils i is is equal to 0. 5, 


Eq. 2 becomes 


According to the theory at the center of 


n which w is to the of f loading, in per square inch. 


=, 


A = 


W a of thickness h and modulus of elasticity rests a sub-— 

grade of infinite depth : and modulus the two-layer system results. 
Mr. Burmister extended the theory to the solution of two- layered ‘systems 

by the introduction of a settlement. coefficient Fy Ww hich is a multiplying (or 


correction) factor applied to Eq. 2 for the case of a layer. 
Eq. 3 then becomes 


and Eq. 4 4 becomes ak 


= 


Application of the Theory — —The factor,” F, is on 
_ ratio E2/E;, in which E, is the modulus of elasticity of the pavement in pounds 7 
per square inch. In Fig. 18, numerical values of F are - plotted as ordinates. ll 
a _ Values of the ratio of the radius ¥, of the circular load to the pavement thick- 
ness, -z’ (for different values of E./E;) are plotted as -_abscissas. These curves ; 


indicate te the load-set -settlement characteristics for a two- layer soil it and yield : 7 


aa” 
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elastically isotropic solid of infinite depth is = 
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values ¢ of settlement at the center of a flexible bearing a area. it should be noted — 


that, when the thickness h; is very great, r/hi approaches 2 zero; and values of F 


become ea equal to the ratio 


dulus) is — in the field 


means of a ‘plate bearing utilizing a a plate 30 in. in diameter. The 


- test i is made on the subgrade by placing on top of the 30-in.-diameter plate 
Several plates of smaller diame eters, giving | considerable rigidity | sO as to simu- 


to evaluate Eo. in E, of the pavement, rigid plate is 
placed on top of the pavement and Eq. 6 is used . Itis important to recognize 
that Mr. Burmister’s analysis was based on a -uniformly-loaded circular flexible 


bearing a area and not on a rigid plate. _ Therefore, in a strict sense, the nest of 


curves in Fig. 181 is not | applicable to the latter case. . Howe ever, r, applying t g them 


LK 


= 
o 

” 


Fie. 18. —In FLUENCE CURVES FOR THE SETTLEMENT CoEFFICIENT, F ie 


_ ‘The loge behind this i is that a tire, acts on 


condition evaluated in Eq. 4. 


_ _ The following example serves to illustrate the Navy procedure ee design- 7 


ing flexible pavements. i is desired to ‘determine the pavement thickness 


needed to support a single- wheel load of 50 kips. _ Assume that ‘the e contact 


‘pressure of ‘the tire is 150 Ib per sq in. The contact area is thea —— 
sq. in ‘The radius of the equivalent circle w whose 4 area is. 333 sq in. is 10 in. 


7 By preliminary plate loading tests on the subgrade 1 with a a plate 30 in. in diam- 
4 eter, it is found that on the : average a a load of 23 Ib per r sq in. is required to : 
produce a plate settlement of 0.2 in. substitution in 3, E: = 1.18 


~ 
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1 the physical constants, 

determined from Eq. 7. 8 
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030 lb per sq in . Bya plate loading test ona preliminary test section — 
base course 6 in. thick with a plate 30 in. in diameter, a load of 45 Ib per 
in. causes a settlement of 0.2 in. By in 6, F =0. 510. 

‘Entering. Fig. 18 with 0. 510 as the ordinate and r/hy = 2.5 as the abscissa, it 


is found that = 1/100 or = 100 X = 203, lb per sq in. Sub- 


in Eq. 7 yields F cecal TB x 150 < 10 — Fig. 


F=0.17 and E./E, = 1/10 00 yields a value for r r/hy equal t to 0. 0.70. Th he 
‘ical — of pavement, hy, i is then m equal to 15 in. 


2, 
a 


aa -owth may be required. The trial sections should not be than 
100 sq ft in area and the minimum dimension should not be less than 10 ft. 
Three trial sections are recommended | for each of the categories of subgrade _ 
already mentioned: One having a pavement. (without surfacing) of the esti-- 
.* mated theoretical thickness; one having a thickness tl that is two thirds of the 
- theoretical thickness; and a third section with a a pavement thickness that is 
1.5 times the theoretical thickness. 7 In all, a minimum of nine trial sections — 
is required. trial sections are _ incorporated into the project, whenever 


feasible. 

In In order to compensate for a certain amount of subgrade moisture increase, 
"subsequent. to. pavement construction, the following procedure i is 
_ when the subgrade is of a cohesive type. ;. Samples of the top 1 ft of subgrade — 
from fill, cut, and natural ou in which there is neither appreciable cut nor 

are for | compaction, characteristics ; (moisture-density relations) in n the 
soils laboratory. Simple compression tests: are then made on cylinders | 2 in. 


in n diameter ter and 4 i in . high, cored from these ‘subgrade samples. The samples 
are compacted (a) to 95% of the maximum density at optimum moisture. 
content, as determined by a modified form of Test T99-49 of the American | 
sociation of State Highway Officials® (AASHO) and (b) to 95% of the maxi-— 
um m density that is obtainable by the: modified AASHO method of compaction, 
a hen the s soil moisture ¢ content is 2% higher than the optimum. The ratio a 


—- e ve strength for condition (a) to that for condition (b) is s carefully deter 


mn (a), a a settlement of 0. 2 in. gine the ‘strength under con- 
dition: (a) divided by the strength under condition (b) may be expected if 4 
- on the pave stant when the subgrade moisture increases 
from: optimum to 2% more than | optimum. _ The AASHO | test is modified as 


follows: (1) Material i is s placed i in the mold i in approximately five equal. layers; 4 
(2). the v weight of the tamper is 10 lb instead of 53 lb; and (3) the tamper is 


dropped from a height of 18 in. instead of 12 


adopted by the Am. Assn. of State Highway Officials, Washington, D. C., 1950. 


= ATR D pA N a ¢ 
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a |] _ of pavement thickness has been completed, it is verified by the construction of - eS 
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a Te complete the example, three trial fill. sections are constructed having 
thicknesses of a compacted base course of 15 in., 10 in., and 22.5 in A plate a 
having a diameter of 21 in.—twice the radius (to the nearest inch) of the equiv- : ns 


alent circle for a 50- kip tire load—is ‘made for use in the base 
course. A plate 30 in. in diameter is used for tests on the subgrade. _ Assume 
that in the example illustrating this procedure, the data o f Table 5 —— 


a The corrected settlements of line in Table 5 are the 


"pavement thicknesses as shown in Fig. 19. 7 A smooth curve is then drawn 
through those points c corresponding t to the greatest corrected settlements. — The 
‘pavement thickness corresponding to a corrected settlement of 0. 20 in. is 
determined from this curve. This value is seen to be 18 in. (to the nearest 


inch) and this is the pavement thickness selected. ‘Since the asphalt surfacing 


TABLE 5.—Test Data FoR PAVEMENT FROM TRIAL 


To ehtsin the values i in line 3, divide the values in line 1 by the values in line 2. 7 Line 5 contains the 
products obtained by multiplying the factors in line 3 by the values in line = ~ 


—— 


Ag. ‘Trial Pavement h, in in. 


22.5 225 | 15, | 10 
| 
| 


Compressive Strength of j 
12 12 
9.8 


2 | Optimum moisture plus 2% 8.4 | 84 | 84 114.0 |14.0 |14.0 9, _ 
3 Settlement correction factors | 1.43 | 1.43 | 1.43 | 1.16 | 1.16 | 1.16 | 1.48 : 
Measured 0.163] 0.236} 0.120] 0.190] 0.274] 0.130] 0.135 
tea Corrected | 0.233} 0.338} 0.171] 0.218] 0.318} 0.150) 0.200 


was omitted from the test sections and since the unit bearing contributed by ’ 


the: aerapests is bag greater than that of the base course, it is decided that, 


( THe Desien or Rigip Pavements, Usine THE THE WESTERGAARD METHOD 
49 ‘Previous to WwW ‘orld War II, the method for designing rigid pavements fo for 
airports was similar to that used for highway pavements. . These design pro- 
cedures were not to the heavy loads multiple-wheel landing gear 
a dev eveloped during the war. %, To meet this situation, new methods | of theoretical 


a analysis w were developed and several large programs of field testing 1g of pavements © 


were conducted. ‘ove 
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AIRFIELD PAVEMENTS 

On the ‘theoretical side the late H. M. Westergaard, M., / ASCE, —!y ; 
his previous work on highway pavements. — He developed formulas of a much 
wider range of applicability | with regard to the : shape and size of loaded : areas, 

. and illustrated how they might be applied to the ca case of dual wheels 3 making» 

; elliptical tire prints. 10 The Portland Cement Association (PCA), in coopera- 
tion with Kansas State College of Agriculture and Applied Science at. Man- 
hattan, further extended the W estergaard theory of pavement performance to 
make it applicable to any shape and size of loaded area produced by landing ~ 
gear.) Design charts from which the required thickness of pavement may 


be 1 read direetly f for or various loads, of gear, t tire re Pressures, sub- 


a 


Pavement Thickness, h, in Inches 


0.20025 30035 
Corrected Settlement, A, in Inches. 


19. —PAVEMENT ‘THICKNESS, on Basis oF Suparave SETTLEMENT UNDER Unver Loap 


Pavement testing we Field , Dayton, Ohio; Hamilton Field, San 

"Rafael, Calif.; Marietta, Ga.; Lockbourne, Ohio; and other locations by the 


“Stross Concentrations in n Plates Loaded ov: over Small Areas pas,” by M. Transactions, 


“Influence Charts for Concrete Pavements,” ‘by! Gerald Pickett and G. K. ib ibid., Vol. 116, 1961, 
“Deflections, Moments and Reactive for Concrete Pavements, by Gerald Pickett, M. 
-Raville, W. C. Jones, and F. J. McCormick, Bulletin No. 65, Kansas State College of Agri. & Applied _ 


B “Design of Concrete Airport Pavement, ” Portland Cement Assn., , Chicago, 1060. 
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Corps a Engineers has. fairly well substantiated | the Ww theory of 
pavement performance as a workable basis for r design. In general, measured 
stresses in the concrete are somewhat lower than those given by the theory; _ 
and therefore the theory leads to a conservative design—if other complicating 

e. A primary reason for the higher theoretical stresses 

is the 1e fact that subgrades do not perform i in the manner required by theory. 4 A 


correction to the theory—to give > reduced computed -stresses—has been used 
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Pavement Thickness, in Inches 
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Pressure oF 100 Lz Per Sq In. : 
in 1 highw: ay ay design, but a similar correction has not ; appeared feasible for - the 


_ shapes of loaded areas produced by large airplanes. - An alternative theory— 
“more in accord with subgrade performance + and leading to a less conservative r 
design—has been considered? but, so far as is knowr n, has not been adopted 
a _ ‘The W estergaard theory inv olves a a modulus o of subgrade reaction, k, which — 
is .* ratio of the subgrade reaction to the subgrade deflection. — The ratio 


— 
ig | > 

a4 

= 
— i 


AIRFIELD P: PAVEMENTS 


ITT 


RCT SLLLLLLLLLIA VA 

AIA LIA 


| : 


7| 


NIN 
| 


‘AD 
| 
LA 


AD 


GB’ 


| 


(Wueets Spacep 31.5 In. ABREAST AND 62 IN. TANDEM). 


Fria. 22.—Riamp Pavement Desten Cuart, Duat-TanpEeM LANDING GEAR 


c 


HEELS 


Vai 
au 


HART, 
‘Trre Pressure 100 Ls per Sq IN. © 


UAL 


PaveMENT Desien 


LA | 


Fig, 21. 


you} auenbs 42d 4ad spunog ‘ssang 


— 

— 

rT LE SN 

| — 

| 

— 

— 

| 

— 


= 


> 


AIRFIELD PAVEMENTS» 

is determined by plate ate bearing t tests on the subgrade. _ Thus, if an average load» 
of 10 lb per sq in. is needed to cause a deflection of 0.05 in. \., the calculated value 
of the modulus of subgrade reaction would be 10/0. 05 = 200 lb per cu in. , Be ~ 
cause su subgrades do not perform i in the manner Tequired by) the theory, the value 


of k found for a given ‘subgrade | depends upo upon ‘many factors, including the | size 
of the plate used. _ The problem of determining k k for use in pret is the abject 


method is based on the load needed to deflect a rigid slate 30 in. in diameter 
adistance of 0.05 
_ Figs. 20, 21, , and 22, taken from a PCA design manual,’ give the required | : 
thicknesses of concrete pavements for certain types of landing gears, based upon 
‘the Westergaard theory. Fig. 20 is a design chart for : single-wheel loads of 
from 15 kips to 100 kips and for tire pressures of 100 lb per sq in. | “Fig. 21 is” 
a design ch chart for dual-wheel | assembly loads: of from 60 kips to | 125 kips and 
tire | pressures of 100 Ib per ‘sq in. Fig. 22 is a design chart for dual- -tandem 
assemblies for loads of of from 125 kips to 200 kips and for a constant contact © 
area of 267 sq in. per tire. All the design c curves are based on a modulus of 
elasticity of 4,000,000 Ib per sq in. and a Poisson ratio of 0.15. An increase in | 
the Poisson ratio 1 from 0.1 15 to 0.20 0 brings about an increase in stress 0} of of about 
4%, ~ reduction in the modulus of elasticity of from 4,000,000 lb per per sq sq in. 
to 3, 000, 000 Ib per sq in. decreases the stress about 5%. The stresses resulting ; 
from a condition of loading other than that on which the he design chart is based 
could be computed by the use of an influence chart. 
ain To obtain the allowable stress it is customary to divide the me modulus of 
rupture of the concrete by ¢ a factor of safety which the PCA 3 suggests: 


Aprons, taxiways, | hardstands, runway ends, or hangar 
Runways (central section)..... 3 to 1.5 
a an illustration of the use of the: airport pavement design charts, a typical 
problem i is presented. - The thickness of runway pavement for a single-w wheel 
load of 60 kips is eaited. The k-value of the subgrade i is 200 Ib p per sq in., " 4 
and the modulus of rupture of the concrete is 600 lb per sq in. _ The; allow able ; 
stress of 400 lb per sq in. is obtained by dividing the modulus of rupture by *%ap 
the safety factor, Enter’ the design chart of Fig. 20 on the left margin 
with a stress of 400 | Ib | per sq in. and proceed h horizontally to the right to the 7 
curved line for a k-value of 200 Ib per sq in. per in. . - Proceed vertically to the 
diagonal line that represents a wheel load of 60 kips at a tire pressure of 100 


4 ' 


_ Ib per sq in. and then horizontally to to the edge of the chart, where the required 


% The pavement t thickness needed for dual- -wheel landing gear of spacing other | 

- hen that shown may uy be obtained directly ¥ without going to an influence chart, 
by applying the following approximate correction factors: (1) For increases in 
_center-to- center t tire spacing of up to 101 in., , the he required thickness of pavement 


should be reduced by 0.6% for each 1-in. increase in spacing; ; and (2) for each | 
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AIRFIELD PAVEMENTS 
po decrease in dual-tire spacing, the required thickness ors be inorenned 
0.6%. of this type were not — for dual-tai -tandem 
assemblies, 
In concrete pavement, joints in the longitudinal and ¢ 
must be provided to reduce the stre esses caused by changes i in the volume of 7 
the concrete. T he spacing and types of longitudinal and transverse joints are 
covered in other publications’* and hence are not described herein. 

ON OF DESIGN PROCEDURES 


The basic mission of the committee was to make quantitative comparisons 
of the thicknesses provided by the di ifferent methods of design. © Although the 
name of the committee indicates | that its : principal objective was to correlate 
design procedures for runways, , the word “correlation” could be replaced by 
“comparison” to better describe what was done. The correlation of empirical 
design procedures i is not practicable, but a comparison of the end results, 
namely, of the pavement thicknesses, can be n made. oe Giibianseee 
- Bases for Comparison.—One of the significant differences in all of the design - 
procedures studied i is the procedure for for determining the “worst condition’’ of 
the subgrade during the life of the | pavement. ‘It is generally ay agreed that the 
moisture content and the state of compaction of a subgrade are both sahiect 
to change subsequent to the construction of a pavement, and that changes in 
either of these factors n may involve a serious alteration in the stability of the - 
pavement. | Therefore, in designing pavements, it is essential to estimate the 


eritical condition of moisture at which the the supporting capacity of the st subgrade 
‘The procedure weed by ‘the of Engineers f for permanent construction 
is based on the assumption that during the life of a pavement there will be an 
increase in moisture in the subgrade. It could become fully saturated, or 
‘nearly si sO. This is the | principal reason for soaking a . sample of subgrade ma- = 
terial for four days prior to making the CBR test. However, it is understood z 
that in recent years the Corps of Engineers has modified i its procedure—by 
7 eliminating the soaking of laboratory s samples of subgrade, 1 using in- 1-place tests, : 
or reducing by 20% the pavement thickness that has been derived by the nor- 
mal procedure of soaking the samples—for c cases in which information has been 
available, ihdicating that the actual moisture conditions will not be as severe — 
as the saturated condition. For cohesionless soils, soaking has very little or 
‘no effect on the CBR value. Howey ever, this is not the case for plastic soils, i in 
which the reduction in CBR value may be considerable. One thing must be 
kept clearly in mind : The design curves s for the CBR method are based on 
_ the correlations of accelerated traffic tests and airfield pavement service records: 


a with the in-place CBR value of the subgrade rather than with CBR values for — 


The Bureau of Y: ards and Docks made an investigation of the Navy airfields — 
-~_ found that the changes i in ‘moisture content were not significant and that 

7 - .. there were few instances in which the maximum moisture content of the sub- - 
grade was above t the ‘Plastic limit. However, the Navy design procedure for 
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In contrast te to the CBR (Corps of Engineers) m method and the Navy method, 
t the design charts of the Canadian Department of Transport are based on the 
de eterminations of subgrade strength made | on runways that had been paved > 
for several years. _ ‘The Canadian Department of Transport | believes that these 
runways have been in service for a sufficient period of time to allow the moisture 


content of the subgrade to arrive at its equilibrium v value, and that therefore — 
‘no further reduction in strength because of moisture accumulation is indicated. — 
‘Therefore, the subgrade support measured in the field is used without modi- 7 
The CAA does not use a strength index test. _ The pavement thickness has 
been correlated with a ‘subgrade rating that includes the effect of local al 


i 
and moisture conditions on of the s subgrade ‘soil, 


Suber grade Support, in Kips 


7 Modulus of Compression, E>, in Lb per Sq In. 

—CoMPARISON OF IN- PLace CBR THE Support AND > 


_ Thus, the basis for comparison must be fully understood i in order to aim 
ciate properly a comparison of thicknesses. - One possible comparison is based — 
on the he assumption | that the e characteristics and condition—and | hence strength— 
of the subgrade were substantially the same for all methods. In effect, this : 
condition excludes any consideration of future reduction in subgrade support- 
ing capacity because of moisture and predicates the design entirely on the 
subgrade condition at the time of testing. Because of this exclusion, it should 
be emphasized that the ‘procedures followed ‘in evaluating the thicknesses for” 
this « comparison deviate from those ‘normally used by the various agencies in 


Comparisons of Flexible Pavement Design Methods. —The first comparison 


of flexible pavement thicknesses was made on the basis of the assumption that To 
subgrade conditions were approximately th the same for each design 


and that no change in these conditions was expected during the life of the 
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it does not. use a strength measurement i in field; consequently, there 


was no way to evaluate thicknesses on the basis of in- \-place conditions. ' The 
curves in Fig. 23 show the relationship between the in- place CBR values, the 


L the CBR method, the Canadian 1 method, and the Navy ‘method, utilizing g this 
2 


-subgra: ade support values of the e Canadian method, an and the modulus of compres- 
sion, E>, used i in the Navy Method. The scale of abscissas represents the sub- 
“grade support beneath ¢ a plate 30 in. in diameter at a a deflection of 0.2 in. The 

q ordinate values are CBR values corresponding to a 0.1-in. penetration. The 


curve for th the Canadian 1 method 1 has appeared pre previously.° ‘The moduli of 
{ 


. -paveinent. An attempt has been made to compare the thicknesses derived by 


compression, E, (Navy method) ‘were computed « on the basis of the data’ from 
Canadian te tests using Eq. 3. _ Thus, , a subgrade ‘support of 10 kips” beneath a 
- plate 30 in. in diameter corresponds to 
5) 


- = 1,250 lb per sq in. 


_ An attempt was made to ¢ compare, in so far as possible, the runway thick- 
nesses obtained by the three methods of design for three different subgrade — 
conditions, considering a single wheel with a contact pressure of 100 lb per sq 
in. _ The» three subgrade conditions selected for comparison had CBR ratings 
of 3, 8, and15. ACBRof 3 represents a a poor r subgrade of low bearing capacity; 
a CBR of 8 represents a somewhat better ‘subgrade; and a CBR of 15 represents — 
a medium s strength subgrade. | Utilizing Fig. 23 and the CBR method (Corps — 
of Engineers), the Navy method, and the Canadian method, pavement — 
nesses for these three different subgrade conditions are shown in Figs. . 24(a), 
(24(b), and 24(c). In ‘computing the thickness of pav vement by the Navy 
method, the modulus E, of the pavement was assumed as as 200,000 lb per sq in. — 
A. Palmer" has stated that 
“The measured moduli of base courses tend to vary over a wide range, 
. those for stabilized aggregate base course being generally between 25 5, 000 and 


black base, ‘water-bound macadam tend usually to 100, 000 


per sq in. and in some instances are as ‘high as 200,000 lb per sq in. a ~— 
‘The: flexible. pavement structure in this example was assumed to be made up of 


from 2 in. to 3 in. of asphaltic concrete, from 6 in. to 10 in. of high quality base, 

and, for the larger wheel loads, a layer of selected material. It was felt that a 

: value of 200,000 Ib y per sq in. was a reasonable assumption as to Ey for the ‘pave- 

‘ment as a whole. — if this value was reduced to 100,000 Ib per sq in., the thick- 

4 nesses determined by the Navy method would be about 257% greater ‘than those 


shown in Fig. 24. It is emphasized that the thicknesses used in n design by the 
: Navy method are based on test sections. Theory i is used primarily for estab- 
- lishing the thickness of the section. "The final design thicknesses are usually 
larger than those computed from theory alone. The committee used the theo- 


: retical thicknesses for the comparisons because there were then no relation- 


4 “The Pavement Extension and Reinforcement Program of the Bureau of Yards and Docks,” 
. Palmer, Proceedings-Separate, ASCE (publication pending). — 
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CBR=3 
Support = 8 800 Lb 
E,=1100 Lb per Sq ch 450 Lb Sq In, 


_Subgrade 


CR-8 CBR=8 


Support = 15000 Lb 


E,= 1860 Lb per Sqin. = 1200 Lb per r Sq in, 


Pavement Thickness, in Inches © 


10 20 60 700 10 20 30 
Single Wheel Load, in Kips 


24. —CoMPARIsON OF THE PAVEMENT DETERMINED BY Four METHODS 
TABLE 6. —Data AND RESULTS OF THE COMPARISONS IN Fig. 24 


| PAVEMENT THICKNESSES, AS % o oF THE Or TAINED BY THE CBR MerHop 


Fig. 24 


(3) (4) 
_ CoMPaRIson BasEeD on IN- PLACE Teere 


| 


CoMPARISON BasED ON ENVIRONMENTAL Ervzors FROM MOISTURE 


| 


" 7 

< = | 

— 

— 


7 AIRFIELD PAVEMENTS 
ony 


_ For wheel loads of 30 kips and 60 the deter- 


ined by the CBR (Corps of I Engineers) method, the data coming from | 
24. This comparison — Cols. 2 through 7, Table 6. The following 


facts are indicated by Table 6: = star 


. As the bearing capacity of the subgrade increases, the difference in 
thickness between the results of the Navy y method and those of the CBR meth- 
od decreases. (Read down Col. 4. 
2. For the same subgrade, the difference in thickness between the results — 
of the Navy method and those of the CBR method decreases as the wheel lo: load 
increases. (Compare Col. 4 with Col. 7 
For the weak and moderately w subgrades (CBR values. of 3 and 8' 8), 


' the thicknesses of the Canadian method : are nes uly the same as the correspond- 
ing thicknesses of the CBR method. 
_ 4, For the stronger subgrade (CBR 15), the thicknesses of “the ‘Canadian 
method are . considerably smaller than the corresponding thicknesses de ‘ermined 


by CBR method and more nearly approach those of the Nav y method. — me —— 


| 


Modulus of Compression, E, Method), in Lb per Sq In. 


CAA Subgrade Class 
25.—Comparison oF Soakep CBR Wiru anp CAA CLASSIFICATION 


The sec second comparison i is based on the assumption t! that the thicknesses are 
those required when the subgrade is in its “‘worst’ ’ condition. As explained — : ad 
4 previously, the procedure for creating a “worst” condition varies according to 
the design method adopted; hence, the comparison is base is based on differing sub- = 


grade conditions, 
we Fig. 25 shows the Telationship b betw een CBR values, and CA a 


Fa, Fs, etc., and modulus of compression of the 
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AIRFIELD PAVEMENTS 
- method. ‘The CBR values used as ordinates. for this comparison were those a 
of soaked subgrade material. 7 ~The Canadian method has not been included. 
In order to include it in the comparison, the ratio of CBR values for i in- -place _ < 
tests to those of soaked samples must be known because the only correlation eS 
available between results of the Canadian method and the CBR method is on 
the basis of in-place tests. A reasonable relationship between CBR values for 
in-place and soaked subgrade material has not been developed. The ratio of . 
the results of in- -place CBR tests to those for nee eennns 5 is sa function of 4 
‘soil type, , density, initial water content, and other ‘related variables. The 
7 Canadian. Department of Transport. has found this: ratio to range all the way 
from 1 (or slightly less) to 10. For a -cohesionless sand or gravel the ratio 
would approach unity, and week become larger for fine compressible soils 


4 
Utilizing Fig. 25 and ‘the design procedures prev viously described, ement 
thicknesses for different subgrade conditions (CBR values of 3, 8, and 15) are — - 
‘shown in Figs. 24(d), 2 24(e), and 24(f). The information aiid ae 

| figure is summarised in Table 6, hich indicates the 

The thicknesses by the CAA method agree fairly with: 
of the CBR metho (Compare with Fig. 24. 


6. The thicknesses by the Navy method are less than those of t the 


-- _ CBR method | for the 30- kip load and agree fairly | well for the 60-kip load. qd. 
‘Comparison of Rigid Pavement Design Methods. —So far, , the presentation 
has been concerned with flexible pavements. — All the airport agencies w ith the 
of the CAA use the W 'estergaard theory for designing Portland ¢ cement 
; concrete e pavements. An attempt was made to compare the thicknesses of 
by the CAA method with the thick- 
nesses determined by the WwW 
analysis. 
CAA procedure 1 requires that a 
base of granular ‘material of variable 
thicknesses (depending on the character- a 
istics of the subgrade) be placed | on the = j 
subgrade prior to placement of the slab. 
The | thickness of the slab is dependent 
| primarily on the wheel load because the 
bearing capacity of the fo foundation for 
the slab is kept almost constant by 
= rarying the thickness of the base. In 
"10 20 30 40 50° 80 effect, therefore, the base improves the 
Single Wheel Load, in Kips bearing ‘capacity of the subgrade. ‘The 
26. or Rrarp CAA curves for concrete pavements can 
THICKNESSES 
only” be ‘compared. with: other design 
4 nme es on the basis that variable thicknesses of subbase will produce a constant 
- modulus. of subgrade reaction, k, of the « order of 300 lb per cu in. - Accordingly, 
= “the co comparison with the W stemmeod analys sis was made, s as shown in Fig. 26, 
on the basis of a k-value « of 300 Ib per cu in. in. As As in } the: case e of | the flexible 
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_ Thickness of Concrete Slab, in Inches 
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pavement, , the comparison was based on a wheel with contact 
_pressure of 100 Ib per sq. in. thicknesses according to the Westergaard 
"method were obtained from a , design chart.% The twenty- -eight- day ultimate — 

: flexural strength of the concrete was assumed as 650 Ib per sq in. _ and the facto or 

of safety as 1.5. A value of 4 X 10® Ib per sq in. was used for EZ, and # was 

; "assumed to be 0.15. ‘The curve of CAA thicknesses i in Fig. 26 corresponds to 

values given by the R; curve of Fig. 3. 3. An examination of Fig. 26 reveals 


that the CAA thicknesses vary from 83% to 87% of the Westergaard thick- 


the difference i increasing as the wheel load iner 
‘Conclusion—The comparisons presented in Fig. 24 are only general 1 trends" 
ofa qualitative nature and should not be construed a as precise indications of the - Er 
4 differences in the various design procedures. Figs. 23 and 25 yield values of the 
subgrade strength index | (E2, Fi, or subgrade support) for a particular design 


method corresponding to a certain CBR. _ These values are the key to the for- 
ae to solve for the thickness values plotted i in . Fig. 24. The comparison 
of design procedures purposely omitted any reference to the action of frost. 
F rost action 1 is a complex subject and its inelusion i in a . quantitative comparison 


of thickness was s bey rond the scope pe of the « committee’ 8 work. 


_ The committee is grateful to Messrs. Gayle McFadden, T. B. Pringle, wv. ¥ 
J. Turnbull, Members, ASCE, and C. M. Foster, of the Corps of Engineers, 
for their generosity in supplying information for this report. _ Figs. 8, 9, 10, 1 * 
; and 12, appear through the courtesy « of the Corps ¢ of Engineers. _ Mr. Palmer,'* 
of the Bureau of Yards and Docks, : supplied the data on the soaked CBR as 
_ compared with the modulus of compression, EF», in Fig. 25. Fig. 18 also appears — 
_ through the courtesy of the Bureau of Yards and Docks. Mr. McLeod very _ 
generously furnished information, including the data for correlation of in- -place | 
CBR a and subgrade support in Fig. 23. ‘Figs. 13, 15, and 16 appear through the 


courtesy of Mr. McLeod. Figs. 2, 3, and 7 7 appear through the courtesy of the 
“CAA, who also supplied the data for | comparing the CBR with ‘the CAA | 
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